Chapter 11, Problem 1.

If v(t) = 160 cos 50t V and i(t) = 20 sin(50t — 30°) A, calculate the instantanecous power
and the average power.

Chapter 11, Solution 1.

v(t) =160cos(50t)
i(t) = -20sin(50t — 30°) = 2 cos(50t —30°+180°—90°)
i(t) = 20cos(50t + 60°)

p(t) = v(t)i(t) = (160)(20) cos(50t) cos(50t + 60°)
p(t) = 1600/ cos(100t + 60°) + cos(60°) | W
p(t) = 800 + 1600 cos(100t -+ 60°) W

1 1
P =2V, L, cos(d, —0,) = (160)(20)cos(60°)
P =800 W
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Chapter 11, Problem 2.

Given the circuit in Fig. 11.35, find the average power supplied or absorbed by each
element.
jlQ

T 2/0° A

Figure 11.35
For Prob. 11.2.

—j4Q 5Q

Chapter 11, Solution 2.

Using current division,

[T I
M\_*— Vo —

-4 Q — 2/0° A 5Q

jl—j4 —-j6
_ J_ J_ 2)= J_
5+ ]1— )4 5-)3

1

5 10
= ——(2)= :
5+ J1- )4 5-]3

2

For the inductor and capacitor, the average power is zero. For the resistor,
P =%| I[P R :%(1.029)2(5) =2.647W

V, =51, =-2.6471— j4.4118

S =%VOI* =%(—2.6471— j4.4118)x2 =-2.6471—- j4.4118

Hence the average power supplied by the current source is 2.647 W.
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Chapter 11, Problem 3.

A load consists of a 60-Q resistor in parallel with a 90 ¢ F capacitor. If the load is
connected to a voltage source V, (t) = 40 cos 2000t, find the average power delivered to
the load.

Chapter 11, Solution 3.

4020 R

1 1

= =—]5.5556
joC  j90X107°x2x10’ :

90 uF —

1=40/60 =0.6667A or Il =0.6667/1.4142 =0.4714A

The average power delivered to the load is the same as the average power absorbed by
the resistor which is

Pavg = [Tms|’60 = 13.333 W.
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Chapter 11, Problem 4.

Find the average power dissipated by the resistances in the circuit of Fig. 11.36.
Additionally, verify the conservation of power.

5Q

) 3Q
20/30°V j4Q
-j6Q

T

Figure 11.36
For Prob. 11.4.
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Chapter 11, Solution 4.

We apply nodal analysis. At the main node,

I 5Ql,
Vo

20£30° VC) 4 Q § 8 Q

— 6 Q
20307V, Vo, Vo >V, =5.152+ j10.639
5 j4 8-16
For the 5-Q resistor,
- 20<30°-V

I, © =2.438<-3.0661° A

The average power dissipated by the resistor is

P :%| 1L PR =%x2.4382x5:14.86 W

For the 8-Q resistor,
l,= Vo -=1.466<71.29°
8— ]

The average power dissipated by the resistor is

P, :%| LER, :%x1.4662x8:8.5966 W

The complex power supplied is

S :%VSII* = %(20 <30°)(2.438<3.0661°)=20.43+ j13.30 VA

Adding P; and P, gives the real part of S, showing the conservation of power.
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Chapter 11, Problem 5.
Assuming that v, = 8 cos(2t —40°) V in the circuit of Fig. 11.37, find the average power

delivered to each of the passive elements.
1Q 20

Vs 3H —‘*

Figure 11.37
For Prob. 11.5.

025F

Chapter 11, Solution 5.

Converting the circuit into the frequency domain, we get:

MW\ MW\

8./-40° % j6

I 824 —40°
1Q =5 v
" ;6(2 J%)
16+2-732

2
Pl :@1:14159\)&/

AY

7l

50
N

=1.68284—-25.38°

Psy=Po2sr =0

ha|= 6828225389 =2.258
16+2-32
2
Py = 225 225097 W
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Chapter 11, Problem 6.

For the circuit in Fig. 11.38, i; = 6cos10°t A. Find the average power absorbed by the
50-Q resistor.

20i,
. + 7
a
50 Q 20 mH
%0
== 40 pF 10Q
T

Figure 11.38
For Prob. 11.6.
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Chapter 11, Solution 6.
20mH —— joL=jl0’x20x10~ = j20
4OMF—>,1 = ! 6:—j25
joC  j10°x40x10~

We apply nodal analysis to the circuit below.

6£0°

L Va=20ly  Vo-0 _
10+j20 50— j25

V
But I, = 0 Substituting this and solving for V, leads

50— 25

1 20 1 1
I B R + ; Vo =
10+320 (10+320) (50—325) 50-325

1 B 20 N 1 v o—e
22.36/63.43° (22.36/63.43°)(55.9/ —26.57°)  55.9/-26.57°) °
(0.02 - j0.04 —0.012802 + j0.009598 + 0.016 + j0.008)V,, = 6

(0.0232 —30.0224)V,=6 or V,=6/(0.03225/-43.99° = 186.05243.99°

For power, all we need is the magnitude of the rms value of L.
|Ix| = 186.05/55.9 = 3.328 and |Lx|rms = 3.328/1.4142 = 2.353

We can now calculate the average power absorbed by the 50-Q resistor.
P = (2.353)°x50 = 276.8 W.
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Chapter 11, Problem 7.

Given the circuit of Fig. 11.39, find the average power absorbed by the 10-Q resistor.

-j5Q

4Q _I(,»
+
8420°V 0.1V0 81, jsQ3 1wav,

Figure 11.39
For Prob. 11.7.

Chapter 11, Solution 7.

Applying KVL to the left-hand side of the circuit,
8£20°=41,+0.1V, (1)

Applying KCL to the right side of the circuit,

Vl Vl
&I, +——+ =
35 10-35
But v 0y vy 0By
o °T10-45 ! 1T 0 e
H sp 4107 By Vo,
cnce - =
’ ° 50 0T 10
I, =j0.025V, @)

Substituting (2) into (1),
8£20°=0.1V, (1+))
80£20°
o 1+

11:&:14-25)

10 2

P=Lim PR =[ 2] Ja0) = 160w
2 2\ 2
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Chapter 11, Problem 8.

In the circuit of Fig. 11.40, determine the average power absorbed by the 40- Q) resistor.

I, —j20Q
—

]
I

6/0° A CD j10Q 05, <40Q

Figure 11.40
For Prob. 11.8.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 11, Solution 8.

We apply nodal analysis to the following circuit.

I, -i20Q
Vi o " m W
> C L
640°A<T> % 10 Q T 0.51, 40 O
L
Atnode 1,
6= Vi Vo gy ooy (1)
=—+4 = —
0" -po 17 2
Atnode 2,
0.51 +1 Y,
ST +1 =—
o T T 40
But [ Y2
“’ ° T 20
- 1.5(V,-V,) V,
n — =
enee, - 120 40
3Vi=3-)V, (2

Substituting (1) into (2),
j360-3V, -3V, +jV, =0

v _£§9_§§Q1+-®
2T 5 37 ]
I —£—1(1+'6)
270 T3700

2
Iopo 1(09
P=_|LR="| =] 40)=43.78 W

2\J37
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Chapter 11, Problem 9.

For the op amp circuit in Fig. 11.41, V. =10£30°V rms. Find the average power
absorbed by the 20-k Q) resistor.

10kQ  j6kQ
2kQ

20 kQ

—j12kQ
j4kQ T

Figure 11.41
For Prob. 11.9.

Chapter 11, Solution 9.
This is a non-inverting op amp circuit. At the output of the op amp,

; 3
V, = 1+é V, = 1+M (8.66+ j5)=20.712+ j28.124
Z, (2+ j4)x10

The current through the 20-kg resistor is

|=—Yo __ 01411+ j1.491 mA
20k — j12K

P=[1, [} R=(1.4975)>x10°x20x10° = 44.85 mW

Chapter 11, Problem 10.

In the op amp circuit in Fig. 11.42, find the total average power absorbed by the resistors.
R

| +

V, cos wt V R

Figure 11.42
For Prob. 11.10.

Chapter 11, Solution 10.
No current flows through each of the resistors. Hence, for each resistor,
P =0 W. It should be noted that the input voltage will appear at the output of

each of the op amps.
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Chapter 11, Problem 11.

For the network in Fig. 11.43, assume that the port impedance is

7, =

R /—tan” wRC
® J1+ @’R*C?
Find the average power consumed by the network when R =10kQ, C =200nF, and
i =2sin(377t + 22°) mA.

Linear
network

Figure 11.43
For Prob. 11.11.

Chapter 11, Solution 11.

=377, R =10%, C=200x10"
®RC = (377)(10*)(200 x 10°) = 0.754
tan" (RC) = 37.02°

Zip = LL -37.02°=7.9852-37.02° kQ2

1+ (0.754)2

i(t) = 2sin(377t +22°) = 2 cos(377t — 68°) mA
[=2/-68°

2
-3
S = TimsZab =(2Xj§ ] (7.985/-37.02°)x 10>

S=15.972-37.02° mVA

P =[S|c0s(37.02) =12.751 mW
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Chapter 11, Problem 12.

For the circuit shown in Fig. 11.44, determine the load impedance Z for maximum power
transfer (to Z). Calculate the maximum power absorbed by the load.

20
o

40 -j3Q
ANV I}

40/0°V ﬁ) z 50

Figure 11.44
For Prob. 11.12.

Chapter 11, Solution 12.

We find the Thevenin impedance using the circuit below.
2 Q

4Q i3 0

5Q

We note that the inductor is in parallel with the 5-Q resistor and the combination is in
series with the capacitor. That whole combination is in parallel with the 4-Q resistor.
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Thus,

4(— AL j
Zhey = 5+j2) _4(0.6896—j12758) _ 4(1.45022-61.61°)
4-33 +% 4.69—31.2758 486/ —15.22°
5+])2

=1.1936£-46.39°

Zthey = 0.8233 —j0.8642 or Zi =0.8233 + j0.8642Q.

We obtain V1, using the circuit below. We apply nodal analysis.
2 Q

MM

4Q —-H3Q |V,

40£0°V

C) Vo 50

0

Vy=40 Vy-40 V50 _
4-73 2 5

(0.16+ j0.12 — j0.5+0.2)V, = (0.16 + j0.12 — j0.5)40

(0.5235/ —46.55°)V, = (0.4123./ — 67.17°)40

Thus, V,=31.5£4-20.62°V =29.48 —j11.093V

1= (40 — V5)/(4 —j3) = (40 — 29.48 +{11.093)/(4 — i3)
= 15.288.£46.52°/5./-36.87° = 3.058.£83.39° = 0.352 + j3.038

Vhey =40 —41 =40 - 1.408 —j12.152 = 38.59 —j12.152V
=40.46£-17.479°V
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We can check our value of Ve, by letting Vi = Vrpe,. Now we can use nodal analysis to
solve for Vj.

Atnode 1,

Vi —40+V1 —‘Vz +V2 -0
4 -3

=0 — (0.25+ j0.3333)V} + (0.2 — j0.3333)V, = 10

At node 2,
V, -V, N V, —40
-13 2

=0 — —j0.3333V] +(=j0.1667)V, = —j20

>> 7=[(0.25+0.33331),-0.3333i;-0.33331,(0.2-0.1667i)]
Z =

0.2500 + 0.3333i 0-0.33331
0-0.33331 0.2000 - 0.16671

>> 1=[10;-20i]
1=

10.0000
0 -20.00001

>> V=inv(Z)*1
V =

38.5993 -12.145%1
29.4890 -11.09521

Please note, these values check with the ones obtained above.
To calculate the maximum power to the load,
I |rms = (40.46/(2x0.8233))/1.4141 = 17.376A

Pavg = ([TL)rms) 0.8233 = 248.58 W.
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Chapter 11, Problem 13.

The Thevenin impedance of a source is Z,, =120+ j60Q, while the peak Thevenin
voltage is V,, =110+ jO V. Determine the maximum available average power from the
source.

Chapter 11, Solution 13.

For maximum power transfer to the load, Z; = 120 — j60Q.
ILms = 110/(240x1.4142) = 0.3241A

Pave = [TLms| 120 = 12.605 W.
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Chapter 11, Problem 14.

It is desired to transfer maximum power to the load Z in the circuit of Fig. 11.45. Find Z
and the maximum power. Let i, = Scos 40t A .

40mF gQ

|
1

iy 75mHZ 120 7

Figure 11.45
For Prob. 11.14.

Chapter 11, Solution 14.

We find the Thevenin equivalent at the terminals of Z.

1 1
joC  j40x40x107
7.5 mH ——  jolL = j40x7.5x10° = j0.3

40 mF

= j0.625

To find Zty, consider the circuit below.

-j0.625 8Q
| |
[
j0.3 § 120 “— 7y
12x0.3

Z. =8—j0.625+12// j0.3=8—j0.625+ =8.0075— j0.3252

12+0.3

Z1 = (Z1hey) = 8.008 + j0.3252Q.
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To find V1, consider the circuit below.

0.625 8 Q

520° § j0.3 12 Q Vn

By current division,
I, =5(G0.3)/(12+j0.3) = 1.5290°/12.004 £1.43° = 0.12496 £88.57°

=0.003118 +;0.12492A

Viner rms = 1211/4/2 = 1.0603£88.57°V

Iims = 1.0603.£88.57°/2(8.008) = 66.2£88.57°mA

Pave = |ILims8.008 = 35.09 mW.
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Chapter 11, Problem 15.

In the circuit of Fig. 11.46, find the value of Z;_ that will absorb the maximum power and
the value of the maximum power.

1Q —-j1Q
I
l

+
12/0°V vV, 210 2v, 7,

Figure 11.46
For Prob. 11.15.

Chapter 11, Solution 15.
To find Z., , insert a 1-A current source at the load terminals as shown in Fig. (a).

IQ 1 -jQ
|C
VW G

Vﬂ%jg T 2V, <T>1A

-+

2

(@)
Atnode 1,
Vo Vo VZ_VO .
e A A | (1)
L] -]
Atnode 2,
V,-V, ) )
142V, =— — 1=jV,-(2+)V, (2)
-]

Substituting (1) into (2),
1=jV,-QC+p()V,=01-)V,

v. oL
2_1__]
Zy :¥:1+7J:0.5+j0.5

Z, =7, =05-j0.5Q
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We now obtain V., from Fig. (b).

10 O
W = y
+ +
1240°V<D v, % iQ T 2V, Va
(b)
12-V, 'V,
2V, + =
1 J
_-12
14

-V, =(-jx2V,)+Vy =0

_ (-2, = T120-12)
V1n = (1-j2)V, I+

2
Vo | [uj;]
— 90 W

P = 8R,  (8)(0.5) ——
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Chapter 11, Problem 16.

For the circuit of Fig. 11.47, find the maximum power delivered to the load Z, .

05v,

—

2Q 4Q

ANV AN
+

10 cos 41 V @) Vo == oo F ? I H 7,

Figure 11.47
For Prob. 11.16.

Chapter 11, Solution 16.

1 1 B
joC  jax1/20
We find the Thevenin equivalent at the terminals of Z;. To find V3, we use the circuit
shown below.

w=4, H —> joL=j4, 1/20F N —j5

0.5V,
20 Vi 4Q V,
I VA NI
_|_
+ + 1
10<0° <> Vo T -5 j4 \%

Atnode 1,

IO_TV%V—?SW.SVI y V) > 5=V;(1.25+j0.2)—0.25V, (1)

—J

At node 2,

V, -V \ .

TR0, =2 s 0=0.5V, +V,(-0.25+ j0.25) )

J
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Solving (1) and (2) leads to

Vo, =V, =6.1947 + j7.0796 = 9.4072./48.81°

To obtain Ry, consider the circuit shown below. We replace Z; by a 1-A current source.

0.5V,

2Q) Vi 4Q \¢

1A

Atnode 1,

v

\%Jrv—l_+0.25V1+Vl ;VZZO 0=V,(1+j0.2)-0.25V,

— J5
(3)
At node 2,
1_}_V] _Vz i 025\/1 — V_2 — —1= OSV1 +V2 (—025 + 1025) (4)
4 14

Solving (1) and (2) gives

Ly = VTz =1.9115+ j3.3274 =3.8374£60.12°

Ve [P 9.4072°
8R;,  8x1.9115

=5.787TW

max
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Chapter 11, Problem 17.

Calculate the value of Z in the circuit of Fig. 11.48 in order for Z,; to receive maximum
average power. What is the maximum average power received by Z,; ?

-j10 Q 30Q

1 (4) sz90° A

40 Q Jj20Q

Figure 11.48
For Prob. 11.17.
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Chapter 11, Solution 17.

We find R, at terminals a-b following Fig. (a).

10 Q 30 Q

40 Q j20 Q

(a)
Zoy =—il0+30 | 20+ 40 = COTHOEO*120) _ o5 6 _ 7

70 + j10 =

We obtain V., from Fig. (b).

(D

(b)

Using current division,

30+ 520 . )

| zm(ﬁ): -1.1+32.3
40—j10 )

, = 70+j10(_]5)=1.1+J2.7

V., =301, +jl01, =10+ {70

b _\VTh\z_ 5000

max

= =31.25W
SR (®)20)
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Chapter 11, Problem 18.

Find the value of Z, in the circuit of Fig. 11.49 for maximum power transfer.

40 Q 60/0°V  — _j10Q
40Q 80 Q

ANV
j20Q @5&% HZL

Figure 11.49
For Prob. 11.18.

Chapter 11, Solution 18.

We find Z,, at terminals a-b as shown in the figure below.

40 Q 80 Q
MNA MNA |
a Zth

i20Q —
h

I I

Z. =j20+40(40+80| (5j10) = j20+ 20+

i-’lOQ
= T

(80)(-j10)
80— j10
Z., =21.23+i10.154

Z, =7, =21.23-j10.15Q
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Chapter 11, Problem 19.

The variable resistor R in the circuit of Fig. 11.50 is adjusted until it absorbs the
maximum average power. Find R and the maximum average power absorbed.

il
1]

j1Q 4/0° A 6Q R

Figure 11.50
For Prob. 11.19.

Chapter 11, Solution 19.
At the load terminals,

L (OG+))

Z.. =-2+6|(3+i)=-i2
m=-12+6[G+]))=-] 97 ]

Z., =2.049—l.561
Ry =|Zm, | = 2.5760
To get Vi, , let Z =6 (3+ j) = 2.049+ j0.439.

By transforming the current sources, we obtain

V., =(4£0°)Z=8.196+ il.756

| 8.382 * 2576
2.049 - j1.561+2.576| 2

= 3.798 W

Pmax =

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 11, Problem 20.

The load resistance R in Fig. 11.51 is adjusted until it absorbs the maximum average
power. Calculate the value of R_ and the maximum average power.

41
L 400 °

—
AN
120/0° V C% 2002 —j10Q = -j10Q = R,

Figure 11.51
For Prob. 11.20.

Chapter 11, Solution 20.

Combine j20 Q and -j10 Q to get j20| -j10 = -j20.

To find Z, , insert a 1-A current source at the terminals of R, , as shown in Fig. (a).

®

-j20 Q 1~ -j10 Q 1~ CT) 1A
(a)
At the supernode,
Vl Vl V2
l=—4+——+——
40 -j20 -j10
40=(1+j2)V,+j4V, (1)
-V,
Also, V, =V, +41_, where I = 0
V2
1.1V,=V, —— Vi=11 (2)
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Substituting (2) into (1),
NS .
40=(1+32) ﬁ + 34V,

v - 44
2 1+ 6.4

vV, i
Bl 1.05-36.71Q2

R, =|Z,,|=67920

Z, =

To find V,, , consider the circuit in Fig. (b).

L4007y W
——\W\——] G - .
T +
120£0° V (D 200 S J10Q /= Va
(b)
At the supernode,
120V, Vv, V,
= +
40 -j20 75510
120=(1+ 2)V, + j4V, 3)
120V,
Also, V,=V,+41_, where I, = a0
V, 412

Substituting (4) into (3),
109.09 — j21.82 = (0.9091 + j5.818) V,

~109.09 - j21.82
09091+ j5.818

oo | 1883 [Pe79
" 1.05-j6.7146.792] 2

vV, =V, =18.893./-92.43°

= 11379 W
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Chapter 11, Problem 21.

Assuming that the load impedance is to be purely resistive, what load should be
connected to terminals a-b of the circuits in Fig. 11.52 so that the maximum power is
transferred to the load?

100 Q —j10Q
I oa
|
40Q
120/60° V 50Q CD 2/90° A
j30Q
o b

Figure 11.52
For Prob. 11.21.

Chapter 11, Solution 21.

We find Z., at terminals a-b, as shown in the figure below.

100 Q -j10 Q
M I€ o2

40 Q § Za

SOQ§ «—

300

Z., =50]|[-j10+100] (40+ ;30)]

(100)(40 + j30)
140+ j30

where 100 | (40 + j30) = =31.707 + jl4.634

(50)(31.707 + j4.634)
81.707 + j4.634

Z., =50](31.707 + j4.634) =

Z. =19.5+il.73

R, =|Z,,|=19.580
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Chapter 11, Problem 22.

Find the rms value of the offset sine wave shown in Fig. 11.53.
i(r)
4

Figure 11.53
For Prob. 11.22.

Chapter 11, Solution 22.

i(t)y=4sint, O<t<~x

1% ms =l.|.16sin2tdt:&[£—5m2tj K 107 gy
T, T\ 2 4 T 2

I =+/8=2.828 A
Chapter 11, Problem 23.
Determine the rms value of the voltage shown in Fig. 11.54.

v(t) A
10

Figure 11.54
For Prob. 11.23.

Chapter 11, Solution 23.

T 1
Vims =ljv2(t)dt =1j'102dt =@
T 0 3 0 3

Vims =5.774 V
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Chapter 11, Problem 24.

Determine the rms value of the waveform in Fig. 11.55.
v(t)

5 —_—

0 >

5 |

Figure 11.55
For Prob. 11.24.

Chapter 11, Solution 24.

5 O<tx<l
T=2, v(t) =
-5, I<t<2

1[1 2 ] 25

2 _ 2 2 _ —
Vi =3 ['s at+ [ (577 at |- S 1+11=25
V=5V

Chapter 11, Problem 25.
Find the rms value of the signal shown in Fig. 11.56.

A

f(t)4
HaE
-1 0 1 2 3
-4

-

4

Figure 11.56
For Prob. 11.25.

Chapter 11, Solution 25.
£2 —lj T2 (t)dt —1[[ 1(—4)2(1t+j20dt+j342c1t]
rms — T 0 - 3 0 1 2

:l[l6+0+16]:2
3 3

fims = ‘/% = 3.266
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Chapter 11, Problem 26.

Find the effective value of the voltage waveform in Fig. 11.57.
v(t) 4

10 ’7
5

Figure 11.57
For Prob. 11.26.

Chapter 11, Solution 26.

T—24 {5 O0<t<?2
- VO=110 2<t<4

1 I
V2, = Z[Ijsz at+ ' 10y dt |- [50+200]=62.5
V,, =7.906 V

Chapter 11, Problem 27.

Calculate the rms value of the current waveform of Fig. 11.58.
(1)

5

>

0 5 10 15 20 25 ¢t

Figure 11.58
For Prob. 11.27.

Chapter 11, Solution 27.

T=35, i(ty=t, 0<t<S5
(s 1t 125
[ o=—)]t?dt=—-—|; =——=28.333
5% 5 3% 15

I =2887A
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Chapter 11, Problem 28.

Find the rms value of the voltage waveform of Fig. 11.59 as well as the average power
absorbed by a 2-Q resistor when the voltage is applied across the resistor.

v (1)
| V A /\
0 2 5 7 10 12 ¢

Figure 11.59
For Prob. 11.28.

Chapter 11, Solution 28.

1
V2, =§[_[)2(4t)2 at+ ] 0° it

2 21 16t3\2—ﬁ(8)—8533
rms_s 3 0_15 - v
V,, =292V
V2. 8533
P=—m 20 4267 W
R~ 2 27
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Chapter 11, Problem 29.

Calculate the effective value of the current waveform in Fig. 11.60 and the average power
delivered to a 12-Q resistor when the current runs through the resistor.

i(n

0 X 7 \ »

5 10\15/ 20 25 30\t
~10

Figure 11.60
For Prob. 11.29.

Chapter 11, Solution 29.

T =20,

, {20—2‘[ 5<t<l15
t) =
O=_4012t 15<t<25

1
12 :E[Es(zo—zt)z dt+.[255(-40+2t)2 dt]

15

» 1 2 L

Ieff_g[js (100 - 20t + t )dt+j15 (t —40t+400)dt]

2 1|_ 2 t3 15 t3 2 25—|

I3 =5 | 100t~ 1ot +?\5 +| 5~ 208 +400t \ISJ
1

5 =5[83.33+83.33]=33.332

I, =5713A

P=12.R =400 W
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Chapter 11, Problem 30.

Compute the rms value of the waveform depicted in Fig. 11.61.
v (1)

1/

0
_1>‘ 2 fa 6 I8 ho ¢

Figure 11.61
For Prob. 11.30.

Chapter 11, Solution 30.

{t O<t<?2
t) =
VO=11 scicq

rms

V2 :%Hjtz dt+~[z4('1)2 dt]:%{§+2}:1.1667

V. =108V

Chapter 11, Problem 31.

Find the rms value of the signal shown in Fig. 11.62.

v(t) A
2

A0
il

Figure 11.62
For Prob. 11.31.

Chapter 11, Solution 31.

17 1| 2 1[4
V2ms =— | v(t)dt = =] | (2t)*dt —4)’dt|==| = +16|=8.6667
o= ferafiara] 5[

V. =2.944V

rms
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Chapter 11, Problem 32.

Obtain the rms value of the current waveform shown in Fig. 11.63.
i(t)

1072
10 \
.A % S
0 1 2 3 4 5 ¢

Figure 11.63
For Prob. 11.32.

Chapter 11, Solution 32.
I 252 2
2 —E[L(IOt ) dt+j1 Odt]
ts
12, =50]'t* dt=50-|1 =10
0 5
I =3162A

Chapter 11, Problem 33.

Determine the rms value for the waveform in Fig. 11.64.

i(1)
5

o 1 2 3 4 5 6 7 8 9 10 1«

Figure 11.64
For Prob. 11.33.

Chapter 11, Solution 33.

rms

2 1 t' |1 t? ) 4
12, =—]25—| +25(3-1)+(25——100t> +400t)| |=11.1056
6| 310 3 3

| =33325A =3.332A

T 3 4
12 =L ieodt =2 [ 2stdt+ [25dt+ [ (=5t +20)dt
T 0 6 0 1 3
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Chapter 11, Problem 34.

Find the effective value of f(t) defined in Fig. 11.65.
f@ .

] \/‘

-1 0 1 2 3 4 5 t

Figure 11.65
For Prob. 11.34.
Chapter 11, Solution 34.
S TS SN [[2 2 3.2 ]
fins _¥j0 f (t)dt_5 o3~ dt+[ 6% dt
2

+36|=20
0

fons =20 = 4.472

3

Chapter 11, Problem 35.

One cycle of a periodic voltage waveform is depicted in Fig. 11.66. Find the effective
value of the voltage. Note that the cycle starts att=0and ends att=6s.
v ()

30 -

20 -

Figure 11.66
For Prob. 11.35.

Chapter 11, Solution 35.
1
V2, =g“01102 dt+ 20 at+['30° de+ [ 207 ae+ 107 at

1
V2 = g[lOO+ 400+1800+ 400 +100] = 466.67

V.. =216V
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Chapter 11, Problem 36.

Calculate the rms value for each of the following functions:

(a)i(t)y=10 A (b)v(t)y=4+3 cos 5tV
(©)i(t)=8—-6sin2t A (d)v(t)=5sint+4costV

Chapter 11, Solution 36.

() Ims=10A

2
(b) Vs =4+ (i] s V.. = [16+2-4528V (checked)
g 2

© 1= ‘/64+? =9.055A

v = BI04y
22

Chapter 11, Problem 37.

Calculate the rms value of the sum of these three currents:
i1 =28, I, =4 sin(t + 10°), I3 =06 cos(2t + 30°) A

Chapter 11, Solution 37.

i=1i +i,+i, =8+4sin(t +10°)+ 6cos(2t +30°)

Irms :\/lzlrms +|22rms + |23rms = 64+%+% :\/%:948716‘
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Chapter 11, Problem 38.

For the power system in Fig. 11.67, find: (a) the average power, (b) the reactive power,
(c) the power factor. Note that 220 V is an rms value.

O
+

220V, 60 Hz

124/0°Q

Figure 11.67
For Prob. 11.38.

Chapter 11, Solution 38.

2 2
Y2200 5903
Z' 124
2 2
s, =Y 220 o444 j1805
Z, 20+ j25
2 2
s, =Y 20 3004 j267.03
Z: 90— j80

S=S+S,+S, =1634.7— j913.47 =1872.6 < —29.196° VA
(a) P =Re(S)=1634.7 W

(b) Q=Im (S) =913.47 VA (leading)

(¢c) pf=cos (29.196°) = 0.8732
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Chapter 11, Problem 39.

An ac motor with impedance Z; =4.2 +j3.6 Q is supplied by a 220-V, 60-Hz source. (a)
Find pf, P, and Q. (b) Determine the capacitor required to be connected in parallel with
the motor so that the power factor is corrected to unity.

Chapter 11, Solution 39.
(a) ZL=4.2 +j3.6 =5.5317 £40.6°

pf=cos40.6 =0.7592

2 2
S= V”‘Jf = 220 =6.643+ j5.694 KVA
Z  5.5317£-40.6°
P =6.643 kW
Q =5.695 kVAR
_ 3 o] _ 0]
(b) C= P(tan 6, —tan 6,) _ 6.643x10°(tan40.6° —tan 0°) 312 4F |

V2 27x60%220°

rms

{It is important to note that this capacitor will see a peak voltage of 220~/2 =
311.08V, this means that the specifications on the capacitor must be at least this or
greater!}

Chapter 11, Problem 40.

A load consisting of induction motors is drawing 80 kW from a 220-V, 60-Hz power line
at a pf of 0.72 lagging. Find the capacitance of a capacitor required to raise the pf'to 0.92.

Chapter 11, Solution 40.
pf1=0.72=cos@, —— 6 =43.94
pf2=092=cosd, —— 6,=23.07

_ P(tan6, —tan®,) _80x10°(0.9637—0.4259)
N 27X60X(220)?

rms

C

24 mF,

{Again, we need to note that this capacitor will be exposed to a peak voltage of
311.08V and must be rated to at least this level, preferably higher!}
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Chapter 11, Problem 41.

Obtain the power factor for each of the circuits in Fig. 11.68. Specify each power factor
as leading or lagging.

4Q J5Q

|

Figure 11.68

For Prob. 11.41.

Chapter 11, Solution 41.

(a)

(b)

(2)(03)

-121[(35-32) =32 (]33 = -j6

Z.=4-3)6=7211£-5631°

pf = cos(-56.31°) = 0.5547 (leading)

. . (2)E+) .

201G+ ) =L 0641152

214+ 443 J

Z=11](0.64+ .52 jy= 204 1703 421 50
=HIO64+ 152 =)= 0aa = '

pf =cos(21.5°) = 0.9304 (lagging)
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Chapter 11, Problem 42.

A 110-V rms, 60-Hz source is applied to a load impedance Z. The apparent power
entering the load is 120 VA at a power factor of 0.707 lagging.

(a) Calculate the complex power.

(b) Find the rms current supplied to the load.

(c) Determine Z.

(d) Assuming that Z =R + jw L, find the values of R and L.

Chapter 11, Solution 42.

(a) S=120, pf =0.707=cosd@ ——> H=45°
S=ScosO+ jSsinf =84.84+ j84.84 VA

(b) S=V, ... — Il _ > 120 —=1.091 A rms
V.. 110
(c) S=12.Z > L= f =71.278+]71.278 Q

rms

(d) If Z=R+joL,then R=71.278 Q

oL =27fL=71.278 > L=71'278=0.1891 H

27X60

Chapter 11, Problem 43.

The voltage applied to a 10-Q resistor is
V(t) =5+3cos(t+10°) +cos(2t +30°) V
(a) Calculate the rms value of the voltage.

(b) Determine the average power dissipated in the resistor.

Chapter 11, Solution 43.

@ V. =V ims +V 2oms +V 2sms = 25+2+— V30 =5477V

2
(b) P _ V rms

=30/10=3W
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Chapter 11, Problem 44.

Find the complex power delivered by Vs to the network in Fig. 11.69.
Let vg= 100 cos 2000t V.

30 OHF g

s

Vg % 60 mH

4i,

Figure 11.69
For Prob. 11.44.

Chapter 11, Solution 44.
1 1

joC ~ j2000x40X10°

40uF — =—jl2.5

60mH —— joL= j2000x60x10~ = j120
We apply nodal analysis to the circuit shown below.

0

100-V, 41V, _V,
30-j125 20 j120

X -

But I, = Vo . Solving for V, leads to
J120
V, =2.9563+ j1.126

I, 30Q -112.5 20 Q
—> | | Vo

10040@) § j120 /TN 4l
— \ —

1 =199V 5 7606+ jI.1165
30— j12.5
S =%v5|;‘ :%(100)(2.7696— j.1165) = 138.48— j55.825 VA
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Chapter 11, Problem 45.

The voltage across a load and the current through it are given by

V(t) =20 + 60 cos 100t V
i(t)=1-0.5sin 100t A

Find:

(a) the rms values of the voltage and of the current
(b) the average power dissipated in the load

Chapter 11, Solution 45.

> , 60’
(a) Vs =20 +T=2200 — > \Y

2
I, = 12+0'25 =1.125 =1.061A

(b) p(t) = v(t)i(t) =20 + 60cos100t — 10sin100t — 30(sin100t)(cos100t); clearly
the average power = 20W.
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Chapter 11, Problem 46.

For the following voltage and current phasors, calculate the complex power, apparent
power, real power, and reactive power. Specify whether the pf is leading or lagging.

(a) V=220£30°V rms, I =0.5£60° A rms

(b) VYV =250£-10°V rms,
1=62/-25°Arms

(c) V=80£0°V rms, I =2.44—-15° A rms

(d) V =160.245°V rms,I = 8.5290° A rms
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Chapter 11, Solution 46.

(a) S=VI' =(220230°(0.52-60°=110.-30°
S = 95.26 - j55 VA

Apparent power =110 VA
Real power = 9526 W
Reactive powmAR
pfis leading because current leads voltage

(b)  S=VI = (250£-10°)(6.2.£25% = 1550/15°
S = 1497.2+ j401.2 VA

Apparent power =1550 VA

Real power = 14972 W

Reactive power =401.2 VAR

pfis lagging becamags voltage

(€)  S=VI' =(120£0°)(2.4/15° = 288./15°
S =278.2+ j74.54 VA

Apparent power =288 VA

Real power =27 82W

Reactive powm VAR

pfis lagging becamags voltage

(d)  S=VI =(160245°(8.52-90°) =1360/ - 45°
S =961.7 — j961.7 VA

Apparent power =1360 VA

Real power = 961.7 W
Reactive power =-961.7 VAR

pfis leading because current leads voltage
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Chapter 11, Problem 47.

For each of the following cases, find the complex power, the average power, and the
reactive power:
(a) v(t)=112cos(wt+10°)V,

i(t)=4 cos(wt—50° A

(b) v(t)=160 cos 377t V,
i(t) =4 cos(377t +45° A

(¢) V=80£60°V rms,Z =50£30°Q2

(d) I=10£60° A rms, Z =100£45°Q

Chapter 11, Solution 47.

(a) V=112/10°, I=4/-50°
| S
= VI =224/60°= 112+ j194 VA

Average power =112 W
Reactive power =194 VAR

(b)  V=160-0°, I=4,45°

S = %VI* =320£-45°=226.3 —j226.3

Average power = 226.3 W
Reactive power = -226.3 VAR

2

vl ®oy

©  S=" =50/ 300

=128/30°=110.85 + j64

Average power = 110.85 W
Reactive power = 64 VAR

@  S=|1]"Z=(100)100,45° = 7.071 + j7.071 KVA

Average power =7.071 kW
Reactive power =7.071 kVAR
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Chapter 11, Problem 48.
Determine the complex power for the following cases:
(a) P=269 W, Q=150 VAR (capacitive)
(b) Q=2000 VAR, pf = 0.9 (leading)
(c) S=600 VA, Q=450 VAR (inductive)
(d) Vims =220 V, P =1 kW,
|Z| =40 Q (inductive)

Chapter 11, Solution 48.

(a) S=P-jQ=269—jl50 VA

(b) pf =cos6=09 ——> 0=25.84°

Q 2000

=Ssin@ ——> S= = =4588.31
Q=Ssin sin®  sin(25.84°)
P =Scos0=4129.48
S =4129-j2000 VA
~ Ssin0 no=2-29_47s
(c) Q=Ssin6 —— sin =S = 600=-
0=48.59, pf =0.6614
P =Scos0 =(600)(0.6614) = 396.86
S =396.9+ j450 VA
(d) S= ‘V‘z = (220 =1210
Clz[ 40
P=Scos6 —— G—B—w—08264
=Scos cos =S~ =%
0=34.26°

Q =Ssin0=681.25

S =1000+ j681.2 VA
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Chapter 11, Problem 49.

Find the complex power for the following cases:
(a) P=4 kW, pf=0.86 (lagging)

(b) S=2kVA, P=1.6 kW (capacitive)

(c) V., =208£20°V,I_ =652£-50°A

(d) V,.=120£30°V,Z =40+ j60Q

Chapter 11, Solution 49.

4
(a) S=4+] 0.86 sin(cos™ (0.86)) kVA

S=4+j2.373 kVA

P
(b) pf = 5= 0.8=cos6 —— sinB=0.6

S=1.6-j2sin0=1.6—-jl.2 kVA

() S=V_ I =(208220°)(6.5250°) VA

rms rms

S =1.352/270°= 0.4624 + j1.2705 kVA

IV @200 14400
7" 40-j60 72.11£-56.31°
S =199.7./56.31°= 110.77 + j166.16 VA

(d)
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Chapter 11, Problem 50.

Obtain the overall impedance for the following cases:
(a) P=1000 W, pf = 0.8(leading),

Vims = 220 V
(b) P = 1500 W, Q = 2000 VAR (inductive),
loms = 12 A

(c) S=4500£60° VA,V =120£45°V

Chapter 11, Solution 50.

. 11000
(a) S=P-jQ=1000-j

sin(cos™(0.8))

0.8
S = 1000 — {750
2
B S ‘Vrms
t, = -
4 z
2

v (220)? .

7 = =30.98+ j23.23

S 1000 {750
Z = 30.98-j23.23Q

®  s=|1.[z
S 1500 + j2000 .
7= o= —— =10.42+j13.89Q
I, | (12)
2 2
(c) z*—‘V“"S —‘V‘ _ (120" =1.6£-60°
¢ TS 2SS  (2)(4500£600) T

Z=1.6260°= 0.8+ j1.386 Q2
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Chapter 11, Problem 51.

For the entire circuit in Fig. 11.70, calculate:

(a) the power factor
(b) the average power delivered by the source
(c) the reactive power

(d) the apparent power
(e) the complex power
20
= —j5Q j6Q
16,/45° V
10Q 8Q

Figure 11.70
For Prob. 11.51.

Chapter 11, Solution 51.

(@  Z;=2+(10-35)(8+j6)
Z. -2+ (10—]5)(8'+J6) _
18+

110+ j20

18+

Z. =8.152+j0.768 = 8.188.£5.382°

pf = cos(5.382°) = 0.9956 (lagging)

Lo v (16)°

(b) S==VI

20 T 277 T (2)(8.188/-5.382°)

S =15.63.£5.382°

P=Scos0=15.56 W

(©) Q=Ssin0=1.466 VAR

d S=[s|=1563VA

(e) S =15.63£5.382°=15.56+ j1.466 VA
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Chapter 11, Problem 52.

In the circuit of Fig. 11.71, device A receives 2 kW at 0.8 pf lagging, device B receives 3
kVA at 0.4 pfleading, while device C is inductive and consumes 1 kW and receives 500
VAR.

(a) Determine the power factor of the entire system.
(b) Find I given that V_ =120£45°V rms.

Figure 11.71
For Prob. 11.52.

Chapter 11, Solution 52.

SA = 2000+j%0.6 =2000+ ;1500

Sp =3000x0.4 — j3000x0.9165 = 1200 — j2749
Sc =1000+ 500
S=S, +Sp +Sc =4200— {749

(@  pf= 4200 =0.9845 leading.
V42002 + 7492
. « 4200749

(b)  S=Vnlins —— s = =35.55/-55.11°

120£45°

Iims = 35.554£55.11° A.
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Chapter 11, Problem 53.

In the circuit of Fig. 11.72, load A receives 4 kVA at 0.8 pfleading. Load B receives 2.4
kVA at 0.6 pflagging. Box C is an inductive load that consumes 1 kW and receives 500

VAR.

(a) Determine 1.
(b) Calculate the power factor of the combination.

120/30° V

Figure 11.72

For Prob. 11.53.

Chapter 11, Solution 53.

(a)

(b)

S =S + Sp + Sc = 4000(0.8-j0.6) + 2400(0.6+j0.8) + 1000 + j500
= 5640 + 20 = 5640.£0.2°

Sp_, SatSc _ S _5640£0.2°
Vims  Vims  Vims  120430°
V2

I =+/2x66.46./29.88° = 93.97./29.8°A

*
Irms -

=66.46£—29.8°

pf=cos(0.2°) = 1.0 lagging.
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Chapter 11, Problem 54.

For the network in Fig. 11.73, find the complex power absorbed by each element.

—j3Q

1
82200V (1) %49 jsQ

Figure 11.73
For Prob. 11.54.

Chapter 11, Solution 54.
Consider the circuit shown below.

8£-20°

I, =——7=1.6/16.87°
! 4-73
8/-20°
I,=—""—"=16£-110°
15

I=1,+1, = (-0.5472 — j1.504) + (1.531 + j0.4643)
1=0.9839— j1.04 = 1.432./ - 46.58°

For the source,
| T |
=—VI = 5(84 -20°)(1.432£46.58°)

2
S =5.728£26.58°=5.12 + j2.56 VA

For the capacitor,

1 i
=[]z, = 50623 = - 384 VA

For the resistor,

1 2 1 s
S:E‘Il‘ Z, =5(.6)'(4)= 512 VA

For the inductor,

1 2 1 5, .
s:E\Iz\ Z, =7(1.6)°(j5) = j6.4 VA
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Chapter 11, Problem 55.

Find the complex power absorbed by each of the five elements in the circuit of Fig.
11.74.

—j20Q 100
40,0° V rms #; % 20 Q 50,90° V rms

Figure 11.74
For Prob. 11.55.
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Chapter 11, Solution 55.
We apply mesh analysis to the following circuit.

[j20Q j10Q
|C
o
40.£0° V rms I 200 ( b Cf) 50.£90° V rms

For mesh 1,

40 =(20-j20)I, — 201,

2=(1-pL -1, (1)
For mesh 2,

-j50=(20+j10)I, - 201,

SjS=21,+ Q2+ )1, )
Putting (1) and (2) in matrix form,

(27 1= -1y,

:
sl 2 2l

A=1-1], A =4-73, A, =-1-5
N 4

=478 g 35358030
A 1-j 2

L= TR ) s 560556310

PTIA Ty T TEEARET

L=1-1,=(3.5+j0.5)-(2-j3)=1.5+j3.5=3.808.£66.8°
For the 40-V source,

1
S=-VI = -(40)(5 (71— j)) = -140+ j20 VA

For the capacitor,
s=|1,['z, =-j250 vA
For the resistor, -
s=|1,[ 'R =290 vA
For the inductor, o
s=|1,|"z, = j130vA
For the j50-V source, -
S=VI, =(j50)(2+j3)=-150+ j100 VA
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Chapter 11, Problem 56.

& »

2/30°A 5Q

Figure 11.75
For Prob. 11.56.

Chapter 11, Solution 56.

: (6)(-j2) :
S2]|6="—"=0.6-jl.8
12| 6—i2 ]

3+ j4+(-2)] 6 =3.6+j2.2

The circuit is reduced to that shown below.

» H
PS ML Obtain the complex power delivered by the source in the circuit of Fig. 11.75.

+
2/30° A CT)
Vo

] 3.6+j22Q

_3.6+j22
° T 8.6+j22

V, =51, =4.75247.08°

1,1
S=_V, 1= (475247.089)(2£ -30°)

2

S=4.75217.08°= 4.543 + j1.396 VA

(2.£30°) = 0.95./47.08°
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Chapter 11, Problem 57.

1“:))
PS ML For the circuit in Fig. 11.76, find the average, reactive, and complex power
delivered by the dependent current source.

4Q —-j1Q 2Q

24/0°V 1Q =y, Jj2Q 2V,

Figure 11.76
For Prob. 11.57.
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Chapter 11, Solution 57.

Consider the circuit as shown below.

40 -1Q
Vo, / A\
AV —— AV

2440°VC> 1Q§ .iZQg Vs T 2V,

At node o,
24-V, V., V -V,
4 1
24=(5+j4)V, —j4V, (1)
Atnode 1,
Vo — Vl V1
—+2V =—
-] ° )2
V,=(2-j4)V, (2)

Substituting (2) into (1),
24=(5+j4-18-10)V,
-24 (-24)(2- j4)
° T 11+j4° T 11+ g4

The voltage across the dependent source is
V,=V,+(2)2V,)=V,+4V,

24 (-24)(6 - j4)
V,=———(2-jd+4) ="
11+ j4 11+ 4

1 | .
S:EV21 ZEVZ (2V,)

C(24)(6-j4) -24 _(576
- 11+j4 11-j4 \137
S = 25.23—j16.82 VA

Jo-ia
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Chapter 11, Problem 58.

H
ML Obtain the complex power delivered to the 10-kQ resistor in Fig. 11.77 below.
sooQ Jo “BkQ j1kQ

0.2/0° V rms 201, 4kQ 10 kQ

Figure 11.77
For Prob. 11.58.

Chapter 11, Solution 58.

8 mA l §4kg §10k§2

From the left portion of the circuit,

1 =92 04ma
°T500 ™
201, =8 mA

From the right portion of the circuit,

16
(8mA)=——"-"mA

[ =

Y 4410+j-33 7-1]
2 (16x107)? 5

S:‘Ix RIT'(IOXIO)

S =51.2 mVA
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Chapter 11, Problem 59.

ML Calculate the reactive power in the inductor and capacitor in the circuit of Fig.

11.78.
500 j30Q
1IN
240/0° V L _j200 4/0° A 400

Figure 11.78
For Prob. 11.59.

Chapter 11, Solution 59.

Let V, represent the voltage across the current source and then apply nodal
analysis to the circuit and we get:

— (o) + (8]
50 20 " 40+ {30
88 =(0.36+j0.38) V.

240-V, V, \%

4+

Vo= =168.13/-46.55°
°~ 0.36+j0.38

L =8.41/43.45°
20 '

V
I, =—"—=3.363/-83.42°
> 40+ 330

Reactive power in the inductor is

-(3.363)2(j30) = j169.65 VAR

S=1,[z =+
212l F 7y

Reactive power in the capacitor is

1 1 .
s=_J1, 'z, = ~+(B417(-j20) = - {707.3 VAR
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Chapter 11, Problem 60.

For the circuit in Fig. 11.79, find V, and the input power factor.

| + |

) 20 kW 16 kW
6/0° A rms G) 0.8 pf lagging Vo 0.9 pf lagging

| - |

Figure 11.79
For Prob. 11.60.

Chapter 11, Solution 60.
.20 . 1 .
S, =20+ Jﬁsm(cos (0.8)) =20+ ;15

16
S, =16+ jﬁsin(cos'1 (0.9)) =16+ j7.749

S=S,+S, =36+ j22.749 = 42.585.£32.29°

But S=V,I'=6V,

S
V, = i 7.098 £32.29°

(4]

pf =c0s(32.29°) = 0.8454 (lagging)
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Chapter 11, Problem 61.

Given the circuit in Fig. 11.80, find I, and the overall complex power supplied.

— 12kW
0.8 KVAR (cap) T
100,/90° V @) 2kVA 4KW
0.707 pf leading 0.9 pf lagging

Figure 11.80
For Prob. 11.61.
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Chapter 11, Solution 61.
Consider the network shown below.

Io IZ
= = S,
+ v Ii
S, Vo S S,

S, =12-j0.8kVA

4
S, =4+ jﬁsin(cos‘1 (0.9)) =4+ j1.937 kVA

Let S,=S,+S, =52+jl.137kVA
1 :
But S,=5V. I,

o 28,  (2)(5.2+]1.137)x10°
v 100.290°

o

I, =22.74+ jl04

=22.74—- 3104

Similarly, S| = V2 -j V2 sin(cos'1 (0.707)) = \/5(1 -j) kVA

0.707
1 .
But S, ZEVO I,
2 8284 2. 3 .
IT _ Sy _ (2.8284 J.2 8284)x10 — 28284 28.284
Vv, {100

I, = —28.28+j28.28

I, =1, +1, =-5.54+j132.28 =132.4/92.4°A

1
S, =—V.TI'
(o] 2 0 0
S, = % -(100.£90°)(132.4£ -92.4°) VA
SO

= 6.62/-2.4" kVA
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Chapter 11, Problem 62.

For the circuit in Fig. 11.81, find V.

02Q j0.04Q 03Q j0.15Q

+

10w I5SW

0.9 pf lagging 0.8 pf leading 120 V rms

Figure 11.81
For Prob. 11.62.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 11, Solution 62.

But

But

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part

O v

Consider the circuit below.

0.2+j0.04Q I L 03+j0.15Q

15
S, = 15—jﬁsin(cos'l(0.8)) =15-j11.25

S,=V, I;

r S, 15-j11.25
TV, 120

I, =0.125+j0.09375

V, =V, +1,(03+0.15)
V, =120+ (0.125+ j0.09375)(0.3+ j0.15)
V, =120.02 + j0.0469

10
S, =10+ jwsin(cos'1 (0.9)) =10+ j4.843
S, =V, IT

I

S, 11.111£25.84°
V, 120.02.£0.02°
I, =0.093./-25.82°=0.0837 — j0.0405

I=1,+1, = 0.2087 + j0.053

V.=V, +1(0.2+ j0.04)

V. = (120.02 + j0.0469) + (0.2087 + j0.053)(0.2 + j0.04)

V., =120.06+ j0.0658
V., =120.06£0.03° V
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Chapter 11, Problem 63.

Find I, in the circuit of Fig. 11.82.

220,/0°V @)

|

0.866 pf leading| | 0.85 pf lagging 0.6 pf lagging

12 kW 16 kW 20 kVAR

Figure 11.82

For Prob. 11.63.

Chapter 11, Solution 63.

Let

S=S,+S,+8S,.

S, =12—j

. 1 Cn
0.866 sin(cos™ (0.866)) =12 — j6.929

16
S, =16+ j@sin(cos'1 (0.85))=16+j9.916

(20)(0.6)

=———+j20=15+;20
> sin(cos™(0.6) . .

| R——
S =43+j22.987 = EVIO

28 _2(43+ 22.99)x10°
° v 220
I, = 443.3/-28.13°A

=390.9 + ;209 = 443.3£28.13°
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Chapter 11, Problem 64.

Determine I in the circuit of Fig. 11.83, if the voltage source supplies 2.5 kW and 0.4
kVAR (leading).

1, (D C 120/0° V

j1na

Figure 11.83
For Prob. 11.64.

Chapter 11, Solution 64.

L
8Q
+
I - ) 120£0°V
j12
IS+12211 OI'ISZL—IQ
120 .
Iy = =4.615-76.923
8+ 12
. . S 2500-j400 _
But, S = VI2 —>12 = — = ——"—=20.83-;3.333
A% 120

or I, =20.83+;3.333

L=1-1,=-16.22 -j10.256 = 19.19/-147.69" A.
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Chapter 11, Problem 65.

In the op amp circuit of Fig. 11.84, vs =4 cos 10*t V.~norm~&] Find the average power
delivered to the 50-k Q2 resistor.

His

vg mEp § 50kQ

100 kQ

Figure 11.84
For Prob. 11.65.

Chapter 11, Solution 65.

-J

C=1nF —> = =-100 kQ
i joC 10° x10°
At the noninverting terminal,
420°-V, Vv, v 4
= H =
100 -3100 1+
4
V, =—=2/-45°
2
4

=—=cos(10*t—45°)

v, ()= NG
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Chapter 11, Problem 66.

Obtain the average power absorbed by the 6-kQ resistor in the op amp circuit in Fig.
11.85.

2kQ  j4kQ

4kQ

4@\/ 6 kQ
—j2kQ
Figure 11.85
For Prob. 11.66.
Chapter 11, Solution 66.
As an inverter,
-7 -(2+j4)
V, =—LV = . (4£45°
R/ 4+33 ( )

Ve - jaEses)
° T2 T (6-2)@+ 3)

The power absorbed by the 6-kQ resistor is

2
1 1 (V204
p=_]1, 2R=—-£—X] x10° x 6x10°
2 2 (V40 x5

P=0.96 mW
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Chapter 11, Problem 67.

For the op amp circuit in Fig. 11.86, calculate:

(a) the complex power delivered by the voltage source
(b) the average power dissipated in the 12-Q resistor

30 3H

0.6 sin(27 + 20°) V 12Q

Figure 11.86
For Prob. 11.67.
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Chapter 11, Solution 67.

w=2, 3H —— joL=]j6, O0.IF > _l =_l =—]J5
JoC  ]2x0.1
. - j50 .
10//(—}5) = =2-j4
9= 55572

The frequency-domain version of the circuit is shown below.

7,=2-14Q

71 =8+16 Q) > I,
+ 1,
+ >+ l

0.6£20° V <> Vo

B 0.6£20° -0 _0.5638+ j0.2052
8+ j6 8+ j6

=0.06£-16.87°

(@ I,

S= %vs 1", =(0.3£20°)(0.06£+16.87°) =14.4 + j10.8 mVA = 18.£36.86° mVA

v .
) V, =22y, 1 =Yoo Q20D 6,200)=0.0224.,99.7°
Z, Z, 12(8+j6)

P % 1, | R =0.5(0.0224)*(12) = 2.904 mW
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Chapter 11, Problem 68.

Compute the complex power supplied by the current source in the series RLC circuit in
Fig. 11.87.

1, cos wt T C

Figure 11.87
For Prob. 11.68.

Chapter 11, Solution 68.
Let S=S;+S, +8S,
where S, =P, +jQ, :%I§R+j0
S, =P, +jQ, = 0+jllzo)L

o

! s=tr reffor- L]
ence, =3 OL jloL-— 5 J
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Chapter 11, Problem 69.

Refer to the circuit shown in Fig. 11.88.

(a) What is the power factor?

(b) What is the average power dissipated?

(c) What is the value of the capacitance that will give a unity power factor when
connected to the load?

120 V rms
60 Hz

Figure 11.88

Z=10+/12Q

For Prob. 11.69.

Chapter 11, Solution 69.

(a)

(b)

(©)

Given that Z=10+ j12

12
tanezﬁ —> 0=50.19°

pf = cos6 = 0.6402

vl a0
277 (2)(10-j12)
The average power absorbed = P = Re(S) = 295.1 W

=295.12+ j354.09

For unity power factor, 0, = 0°, which implies that the reactive power due
to the capacitor 1s Q, = 354.09

2

— _l CVZ
“o2x. 2°

2Q, (35409
S oVe - 260120y~ 30AKE

But Q.
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Chapter 11, Problem 70.

An 880-VA, 220-V, 50-Hz load has a power factor of 0.8 lagging. What value of parallel
capacitance will correct the load power factor to unity?

Chapter 11, Solution 70.
pf =cos6=08 ——> sin0=0.6
Q =Ssin0=(880)(0.6) = 528

If the power factor is to be unity, the reactive power due to the capacitor is
Q. =Q=528 VAR

But Vo 1 cv: — C—2QC
ue Q=xm=50 T V2
(2)(528)
= = 69.45 uF
Qn)(50) (2202 22 R

Chapter 11, Problem 71.

Three loads are connected in parallel to a 120£0° V rms source. Load 1 absorbs 60
kVAR at pf=0.85 lagging, load 2 absorbs 90 kW and 50 kVAR leading, and load 3
absorbs 100 kW at pf= 1. (a) Find the equivalent impedance. (b) Calculate the power
factor of the parallel combination. (c) Determine the current supplied by the source.

Chapter 11, Solution 71.

(a) For load 1,
Q; =60 kVAR, pf=0.850or 6, =31.79°
Q1 =S, sinB; = 60k or S; = 113.89k and P; = 113.89¢c0s(31.79) = 96.8kW
S; =96.8 +j60 kVA
Forload 2, S,=90-j50 kVA
Forload 3, S;=100kVA
Hence,
S=8;+8S,+8S;=286.8+j10kVA =287/2°kVA

But  S= (Vi) /Z orZ" =120%/287,2°k = 0.05017.£-2°

Thus, Z=10.0501722°€ or 0.05014 + j0.0017509Q.

(b) From above, pf=cos2’ = 0.9994.

(©) Lims = Vims/Z =120/0.05017£2° = 2.392/-2"KA or 2.391 — j0.08348KA.
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Chapter 11, Problem 72.

Two loads connected in parallel draw a total of 2.4 kW at 0.8 pf lagging from a 120-V
rms, 60-Hz line. One load absorbs 1.5 kW at a 0.707 pf lagging. Determine: (a) the pf of
the second load, (b) the parallel element required to correct the pf to 0.9 lagging for the
two loads.

Chapter 11, Solution 72.

P 24

(a) P=Scos§ —— S= :;8:3.0kVA

cos 6,
pf =0.8=cos§ —— 6 =36.87°
Q=Ssind =3.0sin36.87° =1.8 kVAR

Hence, S=2.4+j;1.8kVA
P 15
= =——=2.122 kVA
cosd 0.707
pf =0.707 =cos@ —— 6O=45°
Q=P =15kVAR —— S =15+jl.5kVA
Since, $=S,+S, ——> S,=5S-5 =24+ jl.8)—(1.5+ jl.5)=0.9+ j0.3 kVA
S, =0.9497 <18.43°
pf=cos 18.43° =0.9487

(b) pf =09=cosd, —— 0O,=2584°
P(tan6 —tan6,) 2400(tan36.87 —tan 25.84)
oV’ 27X60x%(120)°

rms

C=

=117.5 uF
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Chapter 11, Problem 73.

A 240-V rms 60-Hz supply serves a load that is 10 kW (resistive), 15 kVAR (capacitive),
and 22 kVAR (inductive). Find:

(a) the apparent power

(b) the current drawn from the supply

(c) the kVAR rating and capacitance required to improve the power factor to 0.96 lagging
(d) the current drawn from the supply under the new power-factor conditions

Chapter 11, Solution 73.
(a) S=10—jl5+j22=10+j7 kVA

S=|S|=+10%+7* = 1221 kVA

10,000 + 7,000

S
v 240

*

(b) S=VI' —» I'=

I=41.667—-j29.167 = 50.86£-35° A

7
(c) 0, = tan'l(ﬁj =35°, 0, = cos"(0.96) =16.26°

Q. =P, [tanO, —tan0, ] =10[ tan(35°) - tan(16.26°) |
Q. =4.083 kVAR

oo _ 4083 — 188.03 uF
T oV2 | (2n)60)(240)7 oM
d S,=P,+iQ,, P, =P =10kW

Q,=0Q,-Q,=7-4.083=2.917 kVAR

S, =10+ j2.917 kVA
But S,=VI;

r S, 10,000+ j2917
2y o 240
I, =41.667—jl12.154=43.4/-16.26° A
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Chapter 11, Problem 74.

A 120-V rms 60-Hz source supplies two loads connected in parallel, as shown in Fig.
11.89.

(a) Find the power factor of the parallel combination.
(b) Calculate the value of the capacitance connected in parallel that will raise the power
factor to unity.

© 1 1

Load 1 Load 2
24 kW 40 kW
pf=0.8 pf=0.95
lagging lagging

. [ 1

Figure 11.89
For Prob. 11.74.

Chapter 11, Solution 74.
(a) 0, = cos™(0.8) =36.87°
S,=——=—=30kVA
' cosf, 0.8
Q, =5,sin6, =(30)(0.6) =18 kVAR
S, =24+ jl8kVA

0, =cos™(0.95)=18.19°

S, =—"—=——=42.105kVA
> cosB, 095

Q, =S,sin0, =13.144 kVAR

S, =40+ jl3.144 kKVA

S=S,+S, =64+j31.144 kVA
0= tan'l(31'l44j =25.95°

64
pf = cos6 = 0.8992

(b) 0, =2595, 0, =0°

Q, =P[tan0, — tan O, ] = 64[ tan(25.95°)— 0] =31.144 kVAR
oo Q. 31144
V2 (2n)(60)(120)?

rms

=5.74 mF
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Chapter 11, Problem 75.

Consider the power system shown in Fig. 11.90. Calculate:

(a) the total complex power
(b) the power factor

O

+

240 V rms, 50 Hz

Figure 11.90

For Prob. 11.75.

Chapter 11, Solution 75.

(a)

(b)

(c)

2
V[ (240 5760
Z;  80+j50 8+j5

S, =517.75-j323.59 VA

(240 5760
27 120-j70  12-77

=358.13+j208.91 VA

(240)?

5= "0

=960 VA

S=S,+S,+S, =1835.9-j114.68 VA

o _{114.68) 35740
= n = .
4 11835.88

pf = cos6 = 0.998 {leading}

Since the circuit already has a leading power factor, near unity, no
compensation is necessary.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part

of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




Chapter 11, Problem 76.

Obtain the wattmeter reading of the circuit in Fig. 11.91.

4Q

12/0°V

-j3Q
\
[

-

Jj2Q 8Q 3/30°A

Figure 11.91

For Prob. 11.76.

Chapter 11, Solution 76.

The wattmeter reads the real power supplied by the current source. Consider the
circuit below.

4Q -i3 Q

|C Vo
MA AN

12£0°V Cf) % i20 § 8Q CT) 3/30° A

_12-V, V, V,
3/30°+ 1= 33 = 2 + 2
36.14 + j23.52

°~ 228 3.04

=0.7547+j11.322 =11.347 £86.19°

1 1
S=2V, I, = (11.347.£86.19°)(32-30°)

S =17.021£56.19°

P =Re(S)=9.471 W
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Chapter 11, Problem 77.

What is the reading of the wattmeter in the network of Fig. 11.92?
6Q 4H [

120 cos 2t V 0.1F == ?159

Figure 11.92
For Prob. 11.77.

Chapter 11, Solution 77.

The wattmeter measures the power absorbed by the parallel combination of 0.1 F
and 150 Q.

120cos(2t) —— 120£0°, 0=2
4H — joL=38

0.1F —> -15

joC B
Consider the following circuit.
6Q i8Q I

M 0000 —>

120£0° V |::| Z

15)(5
U963 5 s
15— 5

Z=15] (-5)=

120

1= =14.5/-25.02°
(6+ j8) +(1.5— j4.5)

s—lVI*—l\I\ZZ—l (14.5)%(1.5— j4.5)
—2 —2 —2 . . J4.

S =157.69-j473.06 VA

The wattmeter reads
P =Re(S) =157.69 W
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Chapter 11, Problem 78.

Find the wattmeter reading of the circuit shown in Fig. 11.93.

10 Q 5 1H

+
211
et |
1
20 cos 4tV 4Q - nF

Figure 11.93
For Prob. 11.78.

Chapter 11, Solution 78.
The wattmeter reads the power absorbed by the element to its right side.

2cos(4t) —— 2£0°, o=4
IH — joL=j4

— =3
12 joCc
Consider the following circuit.

s [

: : G (GIE))
Z=5+4+4[-3=5+44+—""—
jA+4]-j By
Z=644+j2.08
20
=1.207£-7.21°

[=—
16.44 + 2.08

1, 12 1 ) .
=5\1\ = (1.207)*(6.44+ j2.08)

P = Re(S) = 4.691 W

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 11, Problem 79.

Determine the wattmeter reading of the circuit in Fig. 11.94.

200 o
—

40 Q 10 mH

T
%

||

10 cos100¢ 12, 500 uF

Figure 11.94
For Prob. 11.79.
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Chapter 11, Solution 79.

The wattmeter reads the power supplied by the source and partly absorbed by the 40- Q2
resistor.

o =100,
1 1

joC  {100x500x107°

10mH —— jlo0x10x107> =j, SO00uF

v

The frequency-domain circuit is shown below.

20 I,
J\L
I 40 ]
— Vi Y AE
_l’_
l 21, .
10<0° — 20

Atnode 1,

10-V - - - -
1:210+V1 'V2+V1 Vo _3M-Va) W .Vz S
40 i 20 20 i (1)
10 = (7 — J40)V; + (=6 + j40)V,

Atnode 2,

Vl _Vz +V1 _Vz — Vz

0=(20+ jVV, —(19+ jV 2
J TR (20+ )V, =19+ )V, (2)

Solving (1) and (2) yields V; =1.5568 —j4.1405

10—V,
40

I

=0.2111+j0.1035, S= %VII* = -0.04993 - j0.5176

P =Re(S) =50 mW.
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Chapter 11, Problem 80.
The circuit of Fig. 11.95 portrays a wattmeter connected into an ac network.

(a) Find the load current.
(b) Calculate the wattmeter reading.

v @ o085

Figure 11.95
For Prob. 11.80.

Chapter 11, Solution 80.

=Y _10_ 1oi0a
@) Tz 64 74
V2 (110)
Y Y 1890.62
(©) === =1890.625

cosO=pf =0.825 —— 0=3441°

P =Scos0=1559.76 = 1.6 kW

Chapter 11, Problem 81.

A 120-V rms, 60-Hz electric hair dryer consumes 600 W at a lagging pf of 0.92.
Calculate the rms-valued current drawn by the dryer.

Chapter 11, Solution 81.
P=600W, pf=092 —— 6=23.074°

P=Scos¢ —— S :L:652.17 VA
0.92

S = P+Q = 600 + §652.17sin23.09° = 600 +255.6
But S=V_I

.S _600+j255.6
™y 120

rms

Irms =5 —j2.13 =5.4354-23.07°A.
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Chapter 11, Problem 82.

A 240-V rms 60-Hz source supplies a parallel combination of a 5-kW heater and a 30-
kVA induction motor whose power factor is 0.82. Determine:

(a) the system apparent power

(b) the system reactive power

(c) the kVA rating of a capacitor required to adjust the system power factor to 0.9 lagging
(d) the value of the capacitor required

Chapter 11, Solution 82.

(a) P =5,000, Q, =0
P, =30,000%0.82 = 24,600,  Q, =30,000sin(cos™ 0.82) =17,171
S=S1+S2 = (P, +P5)+ j(Q; +Q,) = 29,600+ j17,171
S=|S|=34.22kVA

(b) Q=17.171 kVAR

P 29,600

= =0.865
S 34,220

(c) pf

Q. =P(tan0; —tan0,)
= 29,600tan(cos "' 0.865) — tan(cos ! 0.9)|= 2833 VAR

© c-9 2833

_ - 130464 F
N e 2mx60x2407  —HT
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Chapter 11, Problem 83.

Oscilloscope measurements indicate that the voltage across a load and the current through
it are, respectively, 210£60°V and 8£25° A . Determine:

(a) the real power

(b) the apparent power
(c) the reactive power
(d) the power factor

Chapter 11, Solution 83.
(a) S= %w = %(210460°)(84 —25°) =840/35°
P =Scosd =840co0s35° =688.1W
(b) S =840 VA
(c) Q=Ssinfd =840sin35° =481.8 VAR

(d) pf =P/S =co0s35° =0.8191 (lagging)

Chapter 11, Problem 84.
ewd

A consumer has an annual consumption of 1200 MWh with a maximum demand of 2.4
MVA. The maximum demand charge is $30 per kVA per annum, and the energy charge
per kWh is 4 cents.

(a) Determine the annual cost of energy.
(b) Calculate the charge per kWh with a flat-rate tariff if the revenue to the utility
company is to remain the same as for the two-part tariff.

Chapter 11, Solution 84.

(a)  Maximum demand charge= 2,400 x 30 = $72,000
Energy cost= $0.04 x 1,200 x10° = $48,000
Total charge =$120,000

(b) To obtain $120,000 from 1,200 MWh will require a flat rate of

$120,000
1200x10° PT kWh = $0.10 per kWh
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Chapter 11, Problem 85.

A regular household system of a single-phase three-wire circuit allows the operation of
both 120-V and 240-V, 60-Hz appliances. The household circuit is modeled as shown in
Fig. 11.96. Calculate:

(a) the currents I}, I, and I,
(b) the total complex power supplied
(c) the overall power factor of the circuit

I,
120 L0°V é 10Q < Lamp

Refrigerator

30 Q > Kitchen ramp

120 f°v (£)

, 15mH

—

Figure 11.96
For Prob. 11.85.
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Chapter 11, Solution 85.

(@) 15 mH ———  j22x60x15x107° = j5.655
We apply mesh analysis as shown below.

— I
+
Ik
120<00 v 100
g A
1 300
I,
+ 10Q
120<0°v () 1,
j5.655 Q
—> Iz

For mesh x,

120=101 -101, (1)
For mesh vy,

120 = (10+j5.655) I, - (10+j5.655) I, (2)
For mesh z,

0="-10 I—(10+j5.655) I, + (50+j5.655) L, (3)
Solving (1) to (3) gives

I, =20, I, =17.09-j5.142,1,=8
Thus,

I, =I,=20 A

I, =1, =-17.09+j5.142 = 17.85£163.26° A
I =Iy - I, =-2.91-5.142=5907,-119.5° A

(b)S; = (120)I°x =120x20 = 2400, S, = (120)I°y = 2051+ j617
S=S,+S, =4451+j617 VA

(c) pf=P/S=4451/4494 =0.9904 (lagging)
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Chapter 11, Problem 86.
ed

A transmitter delivers maximum power to an antenna when the antenna is adjusted to
represent a load of 75-Q resistance in series with an inductance of 4 2 H. If the

transmitter operates at 4.12 MHz, find its internal impedance.
Chapter 11, Solution 86.

For maximum power transfer
£ *
17, =1 > L,=1., =12,

Z, =R+ joL =75+ j(2n)(4.12x10°)(4x10°)
Z, =75+i103.55Q

Z. =75-j103.55Q

Chapter 11, Problem 87.

In a TV transmitter, a series circuit has an impedance of 3k Q and a total current of
50 mA. If the voltage across the resistor is 80 V, what is the power factor of the circuit?

Chapter 11, Solution 87.

Z=R+iX

|z| =R?+X* — X?=|z| -R?=(3)*-(1.6)"

X =2.5377kQ

X 4[2.5377
0 = tan E = tan L6 =57.77°

pf = cos6 = 0.5333
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Chapter 11, Problem 88.

A certain electronic circuit is connected to a 110-V ac line. The root-mean-square value
of the current drawn is 2 A, with a phase angle of 55°.

(a) Find the true power drawn by the circuit.
(b) Calculate the apparent power.

Chapter 11, Solution 88.
(a) S = (110)(24£55°) =2204£55°

P =Scos0=220cos(55°) = 126.2 W

(b) S=|s|=220vA

Chapter 11, Problem 89.

ed

An industrial heater has a nameplate that reads: 210 V 60 Hz 12 kVA 0.78 pf lagging
Determine:

(a) the apparent and the complex power
(b) the impedance of the heater

Chapter 11, Solution 89.

(a) Apparent power=S =12 kVA

P = Scosf = (12)(0.78) = 9.36 kW
Q =Ssin0=12sin(cos™(0.78)) = 7.51 kVAR

S=P+jQ=9.36+j7.51kVA

v vl (210)2
— s 7' = —

b) S=— - .
®) z S  (936+7.51)x10?

=2.866 —2.3

7= 2.866+j2.3Q
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Chapter 11, Problem 90.

* e@d A 2000-kW turbine-generator of 0.85 power factor operates at the rated load. An
additional load of 300 kW at 0.8 power factor is added. What kVAR of capacitors is
required to operate the turbine-generator but keep it from being overloaded?

* An asterisk indicates a challenging problem.

Chapter 11, Solution 90

Original load :
P, =2000 kW, cosf, =0.85 ——> 0, =31.79°
P
S, =——=2352.94kVA
cos0,
Q, =S,sin0, =1239.5 kVAR
Additional load :
P, =300 kW, cosf, =0.8 —— 0, =36.87°
P2
S, = =375kVA
cos0,
Q, =S,sin0, = 225kVAR
Total load :

S:S1 +Sz =(P1 +Pz)+j(Q1 +Q2):P+jQ

P =2000+300 = 2300 kW
Q=1239.5+225=1464.5 kVAR

The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the
generator 1s

S, 235294
or 0=12.177°

The maximum load kVAR for this condition is
Q.. =S,sin0=2352.945in(12.177°)
Q,, =496.313kVAR

The capacitor must supply the difference between the total load kVAR (i.e. Q) and the
permissible generator kVAR (i.e. Q). Thus,

Q,=Q-Q, = 968.2kVAR
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Chapter 11, Problem 91.
ed The nameplate of an electric motor has the following information:

Line voltage: 220 V rms
Line current: 15 A rms
Line frequency: 60 Hz
Power: 2700 W

Determine the power factor (lagging) of the motor. Find the value of the capacitance C
that must be connected across the motor to raise the pf to unity.

Chapter 11, Solution 91

Original load :
P, =2000 kW, cosf, =085 —— 0, =31.79°
S, = b 235004kvA
cos0,
Q, =85,sin6, =1239.5 kVAR
Additional load :
P, =300 kW, cosf, =0.8 —— 0, =36.87°

P
S, =——=375kVA
coso,

Q, =8S,sin06, =225kVAR

Total load :
S=8,+8,=(F +P,)+J(Q +Q,)=P+jQ
P =2000+300=2300 kW
Q=1239.5+225=1464.5 kVAR

The minimum operating pf for a 2300 kW load and not exceeding the kVA rating of the
generator 1s

or 0=12.177°

The maximum load kVAR for this condition is
Q.. =S,sin0=2352.945in(12.177°)
Q,, =496.313kVAR

The capacitor must supply the difference between the total load kVAR (i.e. Q) and the
permissible generator KVAR (i.e. Q). Thus,

Q,=Q-Q, = 968.2kVAR
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Chapter 11, Problem 92.

As shown in Fig. 11.97, a 550-V feeder line supplies an industrial plant consisting of a
motor drawing 60 kW at 0.75 pf (inductive), a capacitor with a rating of 20 kVAR, and
lighting drawing 20 kW.

(a) -Calculate the total reactive power and apparent power absorbed by the plant.
(b) Determine the overall pf.
(c) Find the current in the feeder line.

60 kW 1
550V :[Q of=075 | 20kVAR 20 kW

Figure 11.97
For Prob. 11.92.

Chapter 11, Solution 92

(a) Apparent power drawn by the motor is
P 60

Sn = cos® 0.75
Q,, =/S?—P? = /(80)? — (60)? =52.915kVAR

Total real power
P=P +P +P =60+0+20=80kW

Total reactive power
Q=Q, +Q_ +Q, =52.915-20+0=32.91kVAR

Total apparent power
S=4P?+Q? = 86.51 kVA

(b) po P 80 50248
Pl =g T 8651 =

©) (=S 86510 Looaa

¢ TV 550 o4
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Chapter 11, Problem 93.

A factory has the following four major loads:
* A motor rated at 5 hp, 0.8 pf'lagging
(1 hp =0.7457 kW).
* A heater rated at 1.2 kW, 1.0 pf.
* Ten 120-W lightbulbs.
* A synchronous motor rated at 1.6 kVAR, 0.6 pf leading.

(a) Calculate the total real and reactive power.
(b) Find the overall power factor.

Chapter 11, Solution 93
(a) P, =(5)(0.7457) = 3.7285 kW

Q, =S, sin(cos™(0.8)) = 2.796 kVAR
S, =3.7285+ j2.796 kVA

P, =12kW, Q, =0 VAR
S, =12+j0kVA

P, =(10)120)=1.2 kW, Q, =0VAR
S; =12+j0kVA
Q,=1.6kVAR, cosf, =0.6 —— sinO, =0.8

S, = 94 =2kVA
sin®,

P, =S, cos0, = (2)(0.6) = 1.2 kW
S, =1.2-jl.6 kVA

S=S,+S,+S;+8S,
S =7.3285+j1.196 kVA

Total real power = 7.328 kW
Total reactive power = 1.196 kVAR

1.196
(b) 0= tan'l( j =9.27°

7.3285

pf =cos6 = 0.987
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Chapter 11, Problem 94.

ed A 1-MVA substation operates at full load at 0.7 power factor. It is desired to
improve the power factor to 0.95 by installing capacitors. Assume that new substation
and distribution facilities cost $120 per kVA installed, and capacitors cost $30 per kVA
installed.

(a) Calculate the cost of capacitors needed.
(b) Find the savings in substation capacity released.
(c) Are capacitors economical for releasing the amount of substation capacity?
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Chapter 11, Solution 94
cosf, =07 ——> 0, =45.57°
S, =1MVA =1000 kVA
P, =S, cos0, =700 kW
Q, =8S,sin0, =714.14 kVAR

For improved pf,
cos0, =095 —— 0,=18.19°
P, =P, =700 kW

S, = -
> cosO, 095
Q, =S,sin0, =230.08 kVAR

Pl = P2 =700 kW

(a) Reactive power across the capacitor

Q. =0Q,-Q, =714.14-230.08 = 484.06 kVAR

Cost of installing capacitors = $30 x 484.06 = $14,521.80

(b) Substation capacity released =S, — S,
=1000—-736.84 = 263.16 kVA

Saving in cost of substation and distribution facilities
=$120x263.16 = $31,579.20

(©) Yes, because (a) is greater than (b). Additional system capacity obtained
by using capacitors costs only 46% as much as new substation and

distribution facilities.
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Chapter 11, Problem 95.

ed A coupling capacitor is used to block dc current from an amplifier as shown in Fig.
11.98(a). The amplifier and the capacitor act as the source, while the speaker is the load
as in Fig. 11.98(b).

(a) At what frequency is maximum power transferred to the speaker?
(b) If Vs = 4.6 V rms, how much power is delivered to the speaker at that frequency?

Amplifier

Coupling capacitor
Via }—‘ Speaker

(@)

Amplifier = Speaker
(®)

Figure 11.98
For Prob. 11.95.

Chapter 11, Solution 95
(a) Source impedance ~ Z =R —jX,
Load impedance Z, =R, +jX,
For maximum load transfer

Z, =7, —> R =R, X ,=X_
1
X =X, —> —=oL
c L (DC ®
! 2nf
or O="FT—=4LT
vLC
1 1

f = = = 2.814 kHz
2nVLC  27,/(80x107)(40x10?) ————

2
(b) P= (1;/—54) 4= (%) 4=431.8 mW (since V, is in rms)
+
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Chapter 11, Problem 96.

ed A power amplifier has an output impedance of 40 + j8 Q It produces a no-load
output voltage of 146 V at 300 Hz.

(a) Determine the impedance of the load that achieves maximum power transfer.
(b) Calculate the load power under this matching condition.

Chapter 11, Solution 96
L

v () a

(@) V, =146V, 300 Hz
Z,, =40+ 80

Z, =27, =40—j8Q

2

_val_ asep
SRy, (8)(40)

(b) = 66.61 W
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Chapter 11, Problem 97.

A power transmission system is modeled as shown in Fig. 11.99. If V=240 £ 0° rms,
find the average power absorbed by the load.

0.1Q j1Q

Figure 11.99
For Prob. 11.97.

Chapter 11, Solution 97

Z. =(2)(0.1+ j)+ (100 + j20) =100.2 + {22

(o Ys 240
CZ, 1002+j22

100)(240)°
|1 R, =100/1] =LAD" _ <4734y

~(100.2)> +(22)2
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